Clinically, Hurler's syndrome is characterized by dwarfism, grotesque skeletal deformities, mental retardation, deafness, joint contractures, hepatosplenomegaly, and clouding of the cornea. Cardiac murmurs and valvular heart disease have long been recognized (McKusick, 1966) . Our studies with this disease have centered on attempts to identify healthy carriers of the abnormal gene, and to seek ways in which the primary phenotypic abnormality -excessive mucopolysaccharide accumulation in the tissues -could be alleviated (Danes & Bearn, 1966a, b) .
There are several forms of Hurler's syndrome, which differ clinically, but unfortunately sharp distinction between different syndromes cannot always be made. Family studies have shown that there are two inherited varieties of Hurler's syndrome-one caused by a gene on an autosome and the other by a gene on the X-chromosome. The autosomal variety is recessive-that is, two genes, one on each of the two homologous chromosomes, are necessary for the disease to manifest itself. The X-linked variety is also recessive: a boy manifests the disease if the gene is present on his single X chromosome, whereas a girl, if the abnormal gene is present on only one of her X chromosomes, is a symptomfree carrier of the gene. Although the primary inherited defect in Hurler's syndrome remains to be elucidated, a constant feature of the disease is an increased cellular mucopolysaccharide content and, diagnostically most helpful, an increased urinary secretion of mucopolysaccharides, particularly chondroitin sulphate B and heparitin sulphate.
In an attempt to identify healthy carriers of the disease, it appeared worthwhile examining the urine to see if an increased excretion of mucopolysaccharides could be detected. We were disappointed to find that despite the use of fairly sophisticated chemical methods, no difference could be clearly established between normal subjects and those individuals known from pedigree studies to be carriers. Temporarily discouraged we tried a different approach. Since the tissues of the body in Hurler's syndrome are loaded with excess mucopolysaccharides, we argued that it might be possible to demonstrate an increased mucopolysaccharide in the skin of patients with the disease. Skin biopsies were obtained from normal subjects, patients with the disease, and certain of their relatives. Each skin biopsy was cultured and within a few weeks the tissue explants were surrounded by a halo of fibroblasts. These fibroblasts were then grown as a thin monolayer culture and stained with the metachromatic dye toluidine blue 0, which stains mucopolysaccharides bright red. All the fibroblasts derived from affected individuals stained red indicating an increased mucopolysaccharide content, while those from normal subjects stained blue. More interesting (since there are easier ways of distinguishing normal individuals from patients with Hurler's syndrome than by culturing their fibroblasts), the healthy fibroblasts derived from those individuals who, from pedigree studies, were known to be carriers of the gene also stained bright red-revealing in a dramatic way the presence of the abnormal gene. It appeared likely that this simple method might allow us to define more clearly the two inherited types of Hurler's syndrome. An acid test presented itself when we were faced with an only child, a small boy aged 11, who had Hurler's syndrome, but in whom, because of insufficient pedigree data, we could not decide whether he had the autosomal or X-linked form of the disease. This distinction was of more than academic interest, because the probability of any subsequent son being affected would be 50% if the gene were on the X chromosome, and only 25 % if it were on an autosome. Moreover, if the condition were X-linked, 50% of all daughters would be healthy carriers of the gene who could bequeath the gene to the next generation. Both normal healthy parents agreed to have their skin cultured. The fibroblasts from the mother stained bright red with toluidine blue, indicating she was a carrier, whereas the skin derived from the father stained blue as do normal subjects; thus it could be concluded that the offending gene was clearly on one of the X chromosomes of the patient's mother, who in turn had passed the gene on to her son. In patients in whom the disease is inherited as an autosomal recessive, the fibroblasts of both carrier parents stain bright red with toluidine blue. Thus it is possible to detect carriers of this disease by the simple expedient of growing the skin (Fig. 1) . As a consequence, many sibs of affected individuals can be reassured that they are not carriers of the gene, and those healthy individuals who prove to be carriers can be given genetic counselling. 
Chediak-Higashi disease
Encouraged by our findings with the mucopolysaccharidoses, we turned to another inherited disease-Chediak-Higashi (White, 1966) .
This autosomal recessively inherited disease is exceptionally rare, but the luminous example of Garrod and his studies on the inborn errors of metabolism persuaded us that this condition might yield information of general biological interest. The disease is characterized by decreased pigmentation of the skin, shifting nystagmus, and a peculiar susceptibility to infections. Unlike another experiment of nature, agammaglobulinaemia, the increased susceptibility to infections is not due to a deficient production of antibodies. However, quite recently, an abnormality of the blood cell series has been described. Within the cytoplasm of the granulocytes, large peroxidase-positive granules can be easily observed (Sato, 1955 (Danes & Bearn, 1967) . The fibroblasts from the heterozygous father and mother did not differ from the normal controls during the first month in culture. During the second month, cell lines derived from both parents contained an occasional abnormal granule and by the close of the second month abnormal cytoplasmic granules were easily de- monstrable in the cells derived from both parents. These studies need extending, but it seems likely that in Chediak-Higashi disease, as in Hurler's syndrome, the heterozygous state can be regularly detected using this technique (Fig. 1) Smyth, 1967) . Formed in the crypts of Lieberkuhn, the intestinal cells are extruded on to the surface of an adjacent villus whose side they climb until they reach the villus tip, from where they are shed into the intestinal lumen. The total turnover time for the cells of the jejunum is known to be as rapid as 2 or 3 days in the mouse and perhaps 5 days in man (MacDonald, Trier & Everett, 1964; Shorter et al., 1964) 
